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Objective: To compare two methods of detecting raft stenoses after infrainguinal bypass. 
Design: Prospective study. 
Setting: Vascular Laboratory, University Hospital. 
Materials: 110 infrainguinal graft studies (60 vein, 50 PTFE) in 74 patients were performed prospectively todetect graft- 
related stenoses. 
Chief Outcome Measures" The diagnostic accuracy of computer assisted impedance analysis was assessed using 
Quickscan (QS) as the gold standard in the detection of graft-related stenoses. 
Chief Results: QS showed occlusion in 4 grafts (two vein and two PTFE), no stenosis in 86 graft studies and stenoses 
in 20 studies. All 12 stenoses with a frequency ratio ~- 1:4, were confirmed with intraarterial digital substraction 
angiography (IADSA). Eight stenoses with a frequency ratio of 1:3 continued graft surveillance. The median thigh 
impedance score of vein grafts with QS confirmed stenoses was 0.51 (0.36--0.70) compared with 0.44 (0.30-0.60)for non- 
stenosed vein grafts (p = 0.015, Mann-Whitney U test). The median thigh impedance score in PTFE graft with QS 
confirmed stenosis was 0.58 (0.53-0.76) compared with 0.42 (0.28-0.73) for non-stenosed grafts (p = 0.0001). An 
impedance score > 0.45 has been suggested for detection of "at risk" grafts. Using QS as the gold standard, impedance 
assessment gave 90% sensitivity, 63% specificity in the thigh; 80%, 52% in the calf and 90%, 46% taking the higher score 
on calf or thigh data. Taking a QS frequency ratio of 1:4 as indicating asignificant stenosis (50% diameter reduction), 11% 
(12/106) of surveillance studies went on to intervention, that is 12/74(16%) grafts. 
Conclusions: If the higher impedance score derived from either the calf or thigh was used to detect stenoses, 60% (64/106) 
of graft studies would have been referred for intervention. We believe this high level of intervention is unrealistic and 
cannot therefore recommend impedance analysis for graft surveillance. 
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Introduction 
Graft-related stenoses account for 65-80% of all graft 
failures and the majority occur within the first two 
1 postoperative years. Such-stenotic lesions should be 
detected promptly and referred for surgical or endo- 
vascular intervention. The rates of secondary graft 
patency and limb salvage following femoro-distal 
bypass have improved since graft surveillance pro- 
grammes were introduced. 1-4 Angiograph~ which is 
often considered to be the gold standard, provides 
definitive anatomical information, but is expensive, 
invasive and is therefore not ideal as a screening 
method. Duplex scanning has proved to be a very 
powerful tool in assessing grafts postoperatively, s 
However, the high cost of Duplex colour machines 
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and the necessity of having trained ultrasonographers, 
have discouraged its use for graft surveillance in 
many District General Hospitals. An ideal test for graft 
surveillance should be non-invasive, cheap, easy to 
perform and reproducible. Two such methods are 
computer assisted impedance analysis and Quicks- 
6-9 can. - Quickscan (QS), by tracking the position of a 
hand held Doppler probe superimposed on a tele- 
vision picture of the patient, is able to show a map of 
cross sectional changes in graft and native vessels. 8'9 
Grafts can be assessed very quickly, the study usually 
being completed in 10 minutes. We have previously 
reported the correlation of QS in graft surveillance 
using intraarterial digital subtraction angiography 
(IADSA) as the gold standard. QS gave a sensitivity of 
88%, a specificity of 92% and an accuracy of 89% in the 
detection of significant graft stenoses. ~° In this study 
we have compared computer assisted impedance 
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analysis with Quickscan and used IADSA to confirm 
QS detected stenoses of >__ 1:4 frequency ratio. 
Methods  and Pat ients 
In a prospective study 74 patients undergoing femor- 
opopliteal or femorodistal graft surgery between 
1991-1993, had regular 3-monthly follow-up. The 
technique of QS has previously been reported, s'9 A 
new portable QS system (Lateral UK) was used in this 
study. The operator moves the 5 Mhz CW pencil probe 
at approximately i cm increments along the expected 
path of the artery and graft, maximising Doppler 
signal strength using small lateral movements of the 
probe. The peak systolic frequency value shown on a 
calibrated Real Time Spectral Display is recorded. 
When the scan is complete, the data is then replotted 
on the computer screen in its final form. Normal 
arteries and grafts are shown in red. Stenoses with 
frequency ratios of 1:3 or greater are shown as a 
yellow mark superimposed on the red lumen. The 
width of the yellow mark is proportional to the 
frequency ratio, the greatest permissible value of 1:16 
almost fills the lumen. A frequency ratio of 1:3 is 
equivalent to a 42% diameter eduction, and a 1:16 
ratio is equivalent to a 75% diameter reduction. An 
occlusion completely overwrites the lumen in yellow. 
The final report contains patients' details, scan image, 
magnitude of area stenosis and calf pressure indices. 
Table 1. The impedence scores in PTFE and vein grafts 
Quickscan 
Stenosis No stenosis 
Median Median 
Impedance (range) (range) p value 
Vein graft (n = 58) (n = 11) (n = 47) 
Thigh 0.51 (0.36-0.70) 0.44 (0.30-0.60) 0.015 
Calf 0.45 (0.35-0.62) 0.44 (0.30-0.86) 0.697 
Both 0.52 (0.36-0.70) 0.46 (0.30-0.86) 0.23 
PTFE graft (n = 48) (n = 9) (n = 39) 
Thigh 0.58 (0.53~).76) 0.42 (0.28~1.73) 0.0001 
Calf 0.59 (0.45-1.00) 0.46 (0.30-0.60) 0.0028 
Both 0.65 (0.53-1.00) 0.48 (0.30-0.73) 0.0001 
(Mann Whitney U Test) 
Impedance analysis was performed with the PVL- 
50 machine (SciMed UK). Analysis of pulsatile pres- 
sure and flow signals utilises Fourier waveform 
analysis to predict he mean limb impedance value for 
the thigh and calf respectively. An 8 MHz probe was 
used to obtain the Doppler waveform at the upper and 
lower part of the graft. A built-in pulse volume 
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Fig. 1. Thigh impedance scores for the 58 vein grafts classified as 
stenosis or no stenosis by Quickscan. 
recorder (PVR) was used to obtain pulse volume 
recordings from segmental ir plethysmography cuffs 
placed around the mid-thigh and calf. Using the 
Doppler/PVR waveforms, the PVL-50 can automat- 
ically print out the final results with an impedance 
index. The higher of the two impedance scores (calf or 
thigh) was used for subsequent data analysis. An 
impedance score of > 0.45 has been used to identify 
graft related stenoses. 6 The Mann-Whitney U test was 
used for statistical nalysis. 
Results  
One hundred and ten femoropopliteal or femorodistal 
bypass studies (60 vein, 50 PTFE) were performed in 
74 patients between 1991-1993. Analysis of the 110 
studies, using QS showed four occlusions (2 PTFE; 2 
vein). There were no stenoses detected in 86 of the 
graft studies (39 PTFE; 47 vein). Stenoses were 
detected in nine PTFE (19%, 9/48) and 11 vein graft 
studies (19%, 11/58). Twelve of these with a frequency 
ratio ~ 1:4 had IADSA which confirmed the stenoses. 
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All underwent subsequent intervention, either by 
angioplasty or surgery and remain patent. Eight grafts 
with a frequency ratio of 1:3 continued on 6-weekly 
graft surveillance. An impedance score > 0.45 was 
used to detect graft-related stenoses and these are 
shown in Table 1. There were no significant differences 
in calf alone or combined thigh and calf impedance 
assessments between QS detected stenoses and non- 
stenosed vein grafts. There was a significant difference 
with thigh impedance alone in vein grafts, although 
there was a large overlap with many false positive 
results (Fig. 1). PTFE grafts showed a significant 
difference between stenosed and non-stenosed grafts 
with all impedance t chniques (i.e. call thigh and calf 
combined with thigh (Fig. 2). The sensitivit~ specific- 
it~ positive and negative predictive values and accu- 
racy of impedance is shown for vein grafts (Table 2) 
and for PTFE grafts (Table 3). 
! i  ' 
Discussion 
Graft-related stenoses may be haemodynamically sig- 
nificant yet cause little in the way of symptoms before 
graft thrombosis supervenes. Correction of these 
stenotic lesions detected by surveillance programmes 
may improve secondary patency rates by approx- 
imately 15%. 11 If the graft is allowed to thrombose, 
salvage procedures result in much lower patency 
rates. 
As a method for non-invasive graft surveillance, 
QS is accurate, cheap, quick and easy to perform. It 
can detect and grade the severity of stenoses in both 
graft and native vessels. However, QS may give false 
negative results when vessels cross the graft or if there 
are large collateral vessels in the vicinity of the graft. 
In our early studies, some grafts with QS detected 
stenoses occluded before angiographic intervention. 
Use of a new portable system has allowed the QS to be 
performed in the outpatient clinic. In this environ- 
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Fig. 2. Thigh impedance scores for the 48 PTFE grafts classified as 
stenosis or no stenosis by Quickscan. 
ment, the vascular team can then make instant 
decisions on the basis of the QS report. At risk grafts 
can be sent for angioplasty the same day eliminating 
the possibility of occlusion because of delayed inter- 
vention. Colour Duplex can grade the stenosis and 
give anatomical information, but is expensive and 
time consuming. It is difficult to justify an expensive 
machine supported by an experienced ultrasonogra- 
pher to perform graft surveillance in each district 
general hospital. Impedance analysis is cheap, very 
quick to perform and gives information on graft 
stenoses, but it does not grade the stenosis, and it also 
does not give any anatomical information. The results 
Table 2. The  resu l t  o f  impedance  score versus  Qu ickscan  in  ve in  graf t  
Quickscan Impedance 
Stenosis No stenosis Sens % Spec % PPV % NPV % Accuracy % 
Impedance 
thigh stenosis 9 18 82 62 33 94 66 
no stenosis 2 29 
calf stenosis 7 22 64 53 24 86 55 
no stenosis 4 25 
both stenosis 9 24 82 49 27 92 55 
no stenosis 2 23 
Sens = Sensitivity; Spec = Specificity; PPV = Positive predictive value; NPV = Negative predictive value, all results are in 
percentage. 
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Table 3. The result of impedance score versus Quickscan in PTFE graft 
Quickscan Impedance 
Stenosis No stenosis Sens % Spec % PPV % NPV % Accuracy % 
Impedance 
thigh stenosis 9 14 100 64 39 100 71 
no stenosis 0 25 
calf stenosis 9 19 100 51 32 100 60 
no stenosis 0 20 
both stenosis 9 22 100 44 29 100 54 
no stenosis 0 17 
Sens = Sensitivity; Spec = Specificity; PPV = Positive predictive value; NPV = Negative predictive value, all results are in 
percentage. 
from various centres do not consistently confirm its 
accuracy in detecting raft-related stenoses. 12
Our results indicate that thigh impedance gave 
better results than thigh and calf together or calf 
impedance alone. A high false positive rate was 
shown in both PTFE and vein grafts. Although a 
significant difference in impedance scores was shown 
between on-stenosed and stenosed grafts, there was 
considerable overlap between the two groups espe- 
cially in the vein grafts. The results in PTFE grafts are 
better than in vein grafts and this is difficult to 
explain. It may be that the higher impedance in the 
PTFE graft studies is a reflection of the greater severity 
of runoff disease in these patients. Many of this group 
had undergone previous femoral-popliteal and distal 
bypass procedures using native long saphenous vein. 
Interestingly, if a higher impedance score of 0.53 is 
used for PTFE grafts, then the results are much 
improved with a sensitivity of 100% and specificity of 
87%. 
Using QS frequency ratio of a 1:4, 12%(7/58) of 
vein and 10%(5/48) of PTFE graft studies went on to 
intervention. In contrast if the impedance score had 
been used according to the suggested threshold, 6 
57%(33/58) of vein and 65%(31/48) of PTFE studies 
would have been referred for intervention. We believe 
this high level of intervention is not justified, and all 
these false positive grafts remain patent. We cannot 
therefore recommend the use of impedance analysis 
for graft surveillance. 
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